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TITLE OF THE INVENTION 

PHOTOELECTRIC ENCODER 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

The present invention generally relates to a 
photoelectric encoder, and more particularly, relates to a 
photoelectric encoder employing a shifting encoder scale, 
which is used for measurement of a position and for 
10 detecting a movement amount of a moving object in various 
machine tools, semiconductor manufacturing devices, and the 
like . 

DESCRIPTION OF THE RELATED ART 

In a conventional photoelectric encoder, light- 
15 receiving elements are arranged to have different four 
phases, i.e., A phase, B phase, /A phase and /B phase with 
a phase difference of P/4 with respect to an input signal 
pitch P, and each of the light-receiving elements has a 
width of P/2. The light-receiving elements are arranged in 
20 parallel with respect to a movement direction of a shifting 
scale, and four light-receiving elements having 
respectively different phases are combined into one set and 
a plurality of sets of the light-receiving elements are 
arranged in the movement direction of the shifting scale, 
25 so that a shift amount of the shifting scale is detected. 
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Thus, a movement amount or a relative position of a moving 
object is detected, as corresponding to the shift amount of 
the scale. In this arrangement, a light source is 
positioned on a side opposite to the scale side, and a duty 
5 ratio of the scale is set to 50%. See, for example, 
Paragraph 0008, Fig. 2 of Patent Document 1: Japanese 
Patent Laid-open Publication No. 8-201117. 

In another conventional example of a photoelectric 
encoder, light-receiving elements are specified for A phase, 
10 B phase, /A phase and /B phase each having a phase 
difference of P/4 with respect to an input signal pitch P, 
and the light-receiving elements are arranged with an 
interval of 3P/4 with respect to a scale shifting direction, 
so that a shift amount (i.e., movement amount) of the scale 
15 is detected. See, for example, Paragraphs 0067 to 0069, 
Fig. 10 of Patent Document 2: Japanese Patent Laid-open 
Publication No. 2002-236033. 

It is noted here that the term "pitch P" is an 
interval of respective light-transmitting slits that are 
20 formed in the scale, and the pitch P corresponds to a cycle 
of an input signal obtained through the scale. Moreover, 
in the description of the present specification, with 
respect to the terms "A phase", "B phase", "/A phase" and 
"/B phase", it is noted that "/A phase" and "/B phase" 
25 represents complementary relationships of inversion 
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differential signals (with a phase difference of 180 
degrees) with respect to "A phase" and "B phase", 
respectively. 

However, in the above-mentioned conventional 
5 photoelectric encoder, since the pitch is too narrow, it is 
not possible to provide a space for forming a cross-talk 
preventive portion, resulting in disadvantages such that a 
light signal deflects and reach the light-receiving 
elements and that a cross-talk may be undesirably generated 
10 between adjacent light-receiving elements. In order for 
preventing such a cross-talk, there may be considered a 
method in which the width of each light-receiving element 
is made smaller than P/2 . However, if the width of the 
light-receiving element is reduced, the signal output 
15 thereof is undesirably reduced. 

Moreover, the conventional photoelectric encoder has a 
complex wiring structure with wires mutually overlapping on 
some places, and therefore manufacturing of a light- 
receiving element array is made difficult. 
20 Furthermore, an error in phase difference may be 

caused in the respective phases due to variations in light 
emission angle of the light source. 

SUMMARY OF THE INVENTION 
25 The present invention has been devised to solve the 



above-mentioned problems, and its objective is to provide a 
photoelectric encoder that ensures a space used for 
accommodating a cross-talk preventive means between 
respective adjacent light-receiving elements, to thereby 
prevent the light signal components applied to the spaces 
from running around the light-receiving elements, thereby 
preventing occurrence of cross-talk. 

Another objective is to reduce cross-talk between 
adjacent wirings by eliminating overlapping of the wirings 
and to easily manufacture a light-receiving element array. 

Still another objective is to provide a photoelectric, 
encoder which can carry out a stable differential 
amplification without having any influence from variations 
in light emission-angle of the light source, so that a 
phase error due to an emission-angle error can be reduced 
when the differential amplification is carried out. 

In order to achieve the above-mentioned objectives, a 
photoelectric encoder in accordance with the present 
invention includes a scale which generate a periodical 
light-intensity distribution pattern having a predetermined 
pitch P when the scale is irradiated by a light source. 
The encoder further includes a plurality of light-receiving 
segment groups that are shifted relative to the scale to 
generate phase signals having predetermined phase 
differences so that the movement amount is detected based 
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on the Phase signals with the predetermined phase 
differences. In this construction, a plurality of light 
receiving elements having the same phase are adjacently 
arranged to form each of the light-receiving segment groups, 
and thus the plurality of the light-receiving segment 
groups are arranged in parallel. 

in this manner, the light-receiving elements having 
the same phase are arranged adjacent to each other as one 
set of the light-receiving elements, and plural sets 
thereof form a plurality of light-receiving segment groups 
which are arranged in parallel. Thus, it is possible to 
maintain a space for providing a cross-talk preventive 
xnember between the respective adjacent light-receiving 
elements even when the pitch thereof is comparatively small. 
Thus, it becomes possible to prevent components of an 
incident light signal applied to the spaces from running 
around the light-receiving elements and to reduce the 
cross-talk. Moreover, it becomes possible to eliminate 
overlapping wirings, and consequently to easily manufacture 
a light-receiving elements array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will be readily understood from the 
following detailed description taken in conjunction with 
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*„ thereof with reference to the 
preferred embodiments thereo 

like parts are designated 
accompanying drawings, m which UK. pa 

, like reference numerals andin which:- 

" g l Is a P^cU. view — ' — 

structure - — — - * — - 

. -i 0 -p th e present invention, 
, . nrt an embodiment 1 or tne p 

acco r; : \. - — - - * 

e lement '.array arranging ligbt-receiving — = ° £ 

Sh ° Wn " n . 9 - . i igh t-receiving 

Fig . 3 is an enlarged view of 

trancing light-receiving elements of 
element array arranging 

„ !-„ an embodiment 2 ol one 
photoelectric encoder according to 

present invention; light -receiving 
Fig . 4 is an enlarged view of 
s element array arranging lig.t-receiving elements of 
photoelectric encoder according to an embodiment 

nrPS ent invention; _ 
Fig . 5 is an explanatory view snowing an example of 

i ~ ^-f a liaht source; and 
variation in emission angle of a lxgn 

nprs pective view showing an 
, 0 Fig. 6 is a schematic perspecti 

example of a light-receiving element group. 

DES CKIPTI0 N OF THE PREFERRED EMBOD IMEN T S 

Bef ore the description proceeds, it is to be noted 

* nrpferred embodiments are 

f , D ha , ic structures of the preterre 
25 since the basic 
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in common, UKe parts are designated by the sa»e reference 
numerals throughout the accompanying drawings . 
(Embodiment 1) 

Referring to Figs. 1 and 2, the foliowing describes an 
5 embodiment 1 of the present invention. Fig. 1 shows a 
schematic structure of a photoeiectric encoder rn 
accordance with the embodiment 1 of the present invention. 
Fig 2 is an emerged view of a iight-receiving element 
arr ay in which a Plurality of sets of light-receiving 
10 elements are arranged on phase basis. 

in Fig. 1, reference numeral 102 represents a light 
source such as an LED and the lixe, which emits light that 
is applied to a rotary scale 104. Reference numeral 103 rs 
a rotary body that rotates around a rotary axis 108. The 
15 rotary body 103 may be formed of a disc-shaped rotary plate 
which is rotated in accordance with a movement of a moving 

object (not shown) . 

The rotary scale 104 has an configuration such that a 
plurality of light transmitting slits are formed in a 
20 radial manner. More specifically, the plural slits are 
formed in the rotary body 103 and arranged in a concentrrc 

. ,„ farv axis 108 of the rotary body 

radial manner around the rotary axis 

10 3 Moreover, the rotary scale 104 is formed to have an 
irradiation pattern with a center axis line 101 thereof 
25 which is perpendicular to the optica! axis. The center 
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is line 10! is passing through the rotational center 0 c f 
3 \ d 10 3 The irradiation pattern or the rotary 

the rotary body 103. The 

scale 104 has . pitch P, with a duty ratro or 50* 

h P is an interval o £ respective lignt-trans.itting 
P „ rtp Dit ch P corresponds to a 

sli ts formed in the scale, and the pxtch 

, Hpnt light signal obtained through the 
cycle of an incident light 

rotary scale- lia ht-receiving 
Reference numeral 106 denotes a light 

v, Plurality of light-receiving 

«- a rrav in which a plurality 
element array m rece ive the 

, pnts 105 such as photodiodes that 
elements and photo _ 

liqnt from the rotary scale 
transmitted Ugh ^ ^ 

electrically convert the irradiatio n 

v ins are arranged so that rne 
receiving elements 105 are 

.tern of the rotary scale having the pitch P 
^ • arrav 106. in this configuration, 

fn the light-receiving array lUb. 
onto the Hg irrad iation pattern 

^ axis line 101 of the scale 
the center axis xx light- 

•<-v, » center axis line of the ng 
^ made coincident with a center 

, t array 106, which is also represented by 
receiving element array 3 ^ ^ 

re£ erence numeral 101 shown in Figs. 

eceiving element 

in the configuration of the ng 

„.„., of the light- 
arr ay 106 shown in Fig. 2, sixteen pieces 

, ents in total number are provided and divided 
r-preiving elements m tot-o 

whe re the light- receiving elements may be 
ln to four groups, where 
s referred to as ..light-receiving segments 
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referred to as "light-receiving element group" or "Irght- 
receiving segment group" in the description, ana each of 
th. light-receiving elements has a width of approximately 
P/2 The four groups are A phase group. B phase group, /A 

o£ the Ught-receiving elements A1-A4. B phase group 
consists of the light-receiving elements B1-B4. /A phase 

• *-«, of the light-receiving elements /Al - /A4 , 
group consists or tne j-xyi 

and /B phase group consists of the light-receiving elements 
/B1 - /B 4 and these four groups are associated with four 

. „ al . of a phase (22), B phase (24), /A 
different phase signals ot a P"* 

, h /« nhase (25) to be detected. For example, 
phase (23) and /B phase I") 

the A Phase (22, is used as a reference phase, B phase (24, 
has . phase difference of 90 degrees from the reference A 
phase, /A Phase ,23, has a phase difference of ISO degrees 

j ,„ „hasE (25, has a phase 

from the reference A phase and /B phase 

difference of 270 degrees from the reference A phase. 

Rega rding a layout in positioning of the respective 
Ught-receiving elements, firstly in associated with the A 
phase (22,, the first light-receiving element Al rs 
positioned, and the second light-receiving element A2 x. 
ranged at a position with a distance of the pitch P from 
the light-receiving element Al for providing the A phase 
g rou P . Next, for providing the /A phase group associated 
ith the /A Phase (23,, the light-receiving element /Al rs 
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•4-v, - rHcri-ance of 3P/2 from the 
arranged at a positron with a drstance 

light-receiving element A2 . Subsequently, the light- 
receiving elements /A2, /A3 and /A4 for the /A phase are 
successively arranged at every distance of the pitch P. It 
i. noted here that the term "distance" between the adjacent 
two light-receiving elements represents a center distance 
b etween the center lines of the adjacent two light- 

receiving elements. 

Next , the third light-receiving element A3 for the A 
phase is arranged at a position with a distance of 3P/2 
from the light-receiving element /A4, and the fourth light- 
reiving element A4 for the A phase is further arranged 
with a distance of P from the element A3. 

I„ the same manner, the first light-receiving element 
Bl for the B phase is arranged at a position with a 
distance of 5P/4 from the element A4, and the second light- 

i R2 for the B phase is arranged with a 

receiving element ai lor ui= v 

distance P from the element Bl . 

Next, for the /B phase, the light-receiving element 
/Bl is arranged at a position with a distance of 3P/2 from 

n ™~^+- r? and the subsequent light 
the light-receiving element B2, ana 

/n , /B3 an d /B4 are successively 
receiving elements /B2, /B3 ana 

arranged at every distance P. 

Further, the third light-receiving element B3 for the 
B phase is arranged at a position with a distance of 3P/2 
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from the element /B4, and the fourth light-receiving 
element B4 for the B phase is arranged with a distance P 
from the element B3. Thus, a set of four light receiving 
elements are positioned to have the same phase to form one 
5 light-receiving element group in which at least two light 
receiving elements are adjacently arranged. 

In the configuration shown in Fig. 2, reference 
numeral 28 represents a common area center of gravity on 
the phase axis 109 of the respective light-receiving 

10 element groups of the A phase group and /A phase group. 

Reference numeral 29 represents a common area center of 
gravity on the phase axis of the respective light-receiving 
element groups of the B phase group and /B phase group. 
Moreover, the light-receiving element groups are arranged 

15 so that the phase distance from the center axis line 101 of 
the irradiation pattern to the area center of gravity 28 on 
the phase axis 109 is made equal to the phase distance from 
the center axis line 101 to the area center of gravity 29. 
In other words, the area centers 28 and 29 of gravity on 

20 the phase axis of the respective light-receiving element 
groups for the A phase and B phase are arranged 
symmetrically with respect to the center axis line 101 of 
the irradiation pattern. 

Thus, the 16 light-receiving elements are divided into 

25 four light-receiving element groups of the A phase group, 
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/A phase group, B phase group and /B phase group, so that 
the four phase signals of A phase 22, B phase 24, /A phase 
23 and /B phase 25 are detected with a 90-digree phase 
difference to each other, and a differential amplification 
5 is carried out between the A phase signal 22 and the /A 
phase signal 23 as well as between the B phase signal 24 
and the /B phase signal 25. 

In this configuration, a common dummy layer 2 6 serving 
as a cross-talk preventive shielding layer is integrally 

10 formed in gap spaces, between the adjacent light-receiving 
elements so that light components inputted to the dummy 
layer 26 are detected as a dummy signal (D) 27. Thus, the 
dummy layer 2 6 is served as , a shielding member for 
shielding between the respective adjacent light-receiving 

15 elements, so that the light components of the incident 
light applied to the space between the respective adjacent 
light-receiving . elements can be extracted as the dummy 
signal 27 to thereby prevent the incident light components 
from running around the light-receiving elements. 

20 As one example of the configuration, supposing that 

the average radius r from the center O of the rotary axis 
of the rotary scale 104 formed in the rotary body 103 is r 
= 9.55 mm, with the number of divisions by the slits of the 
rotary scale being 500, the average pitch P of the rotary 

25 scale is obtained by 27tr/500 which becomes approximately 
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120 |im. In this case, the gap space between the respective 
adjacent light-receiving elements becomes P/2 (that is, 60 
jam) even in the minimum, which is a sufficient space for 
forming the dummy layer 26. 
5 • In this configuration, since the dummy layer 26 is 

installed, it is possible to suppress the light components 
from running around the respective light-receiving elements 
and also possible to reduce the cross-talk between the 
adjacent signal components. Moreover, the respective 

10 signal components of the A phase signal 22, B phase signal 
24, /A phase signal 23 and /B phase signal 25 can be 
separately detected without overlapping with the wiring for 
the dummy signal 27. 

Moreover, the A phase group and the /A phase group 

15 have the same area center of gravity 28 in common on the 
phase axis, and also the B phase group and the /B phase 
group have the same area center of gravity 29 in common on 
the phase" axis . ' 

In other words, the area center of gravity of the 

20 light-receiving element group of the elements Al, A2, A3 
and A4 associated with the A phase 22 is made coincident 
with the area center of gravity of the light-receiving 
element group of the elements /Al, /A2, /A3 and /A4 
associated with the /A phase 23, sharing the same area 

25 center of gravity 28 in common. Also, the area center of 



gravity of the light-receiving element group of the 
elements Bl, B2, B3 and B4 associated with the B phase 24 
is made coincident with the area center of gravity of the 
light-receiving element group of the elements /Bl, /B2, /B3 
and /B4 associated with the /B phase, sharing the same area 
center of gravity 2 9 in common. 

In this manner, since the area centers of gravity on 
the phase axis of the light-receiving element groups are 
made coincident with each other, it is possible to 
stabilize the phase differences in the different plurality 
of phase signals having predetermined phases different from 
each other, without any influence even when there is a 
variation in emission angle of the light source. 

Moreover, the phase distance on the phase axis from 
the center axis line 101 of the irradiation pattern to the 
area center of gravity 28 of the A phase group and /A phase 
group is made equal to the phase distance from, the center 
axis line 101 to the area center of gravity 29 of the B 
phase group and /B phase group. 

In this manner, with respect to a plurality of light- 
receiving element groups having a predetermined phase 
difference, the area centers of gravity 28 and 29 on the 
phase axis of the respective light-receiving element groups 
are arranged symmetrically with respect to the center axis 
101 of the irradiation pattern of the incident light 



emitted from the light source. Therefore, among variations 
in emission angle of the light source, influences of the 
axis symmetrical components are eliminated, and thus, it 
becomes possible to stabilize the phase difference in the 
different phase signals having a predetermined phase 
difference. 

Fig. 5 is an explanatory drawing that shows one 
example of variations in emission angle from a light source. 
In Fig. 5, reference numeral 51 represents a light source, 
52 represents a scale, 53 represents a light-receiving- 
element array, a broken line 54 represents a normal light 
emission and a solid line 55 represents an erroneous light 
emission, and this example of variations in emission angle 
shows a case where a phase error has occurred due to an 
error in emission angle in a phase difference of 90 degrees 
obtained by the differential process. 

In contrast, as shown in Fig. 2, in the present 
embodiment 1, the area centers of gravity on the phase axis 
of respective light-receiving element groups for the A 
phase 22 and the /A phase 23* are made coincident with each 
other, sharing the same area center 28 in common. Also, 
the area centers of gravity for the B phase 24 and the /B 
phase 25 are made coincident with each other, sharing the 
same area center 29 in common. Thus, the phase difference 
in the different plural phase signals having a 
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predetermined phase difference can be stabilized without 
any influence from variations in emission angle of the 
light source. 

Moreover, the area center of gravity 28 and the area 
5 center of gravity 29 are arranged at symmetrical positions 
with respect to the center axis line 101 of the irradiation 
pattern. Therefore, it is possible to stabilize the phase 
difference in the phase signals each having a predetermined 
phase difference, without any influence from the axis 
10 symmetrical components of the variations in emission angle 
of the light source. 
(Embodiment 2 ) 

Referring to Fig. 3, the following describes a 
photoelectric encoder in accordance with an embodiment 2 of 
15 the present invention. Fig. 3 is an enlarged view that 
shows a light-receiving element array 206 in which 
respective light-receiving elements are arranged on phase 
basis. 

As shown in Fig. 3, in the light-receiving element 
20 array 206, regarding a layout of positioning of the 
respective light-receiving elements, a second light- 
receiving element A2 of the A phase group for A phase 32 is 
arranged at a position with a center distance equal to the 
pitch P from the first light-receiving element Al for the A 
25 phase 32. Next, a first light-receiving element Bl for B 
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phase 34 is arranged at a position with a center distance 
equal to 5P/4 from the element A2, and the subsequent 
light-receiving elements B2, B3 and B4 for the B phase are 
successively arranged at every distance P. 
5 Next, a third light -receiving element A3 for the A 

phase 32 is arranged at a position with the center distance 
of 7P/4 from the . element B4, and a fourth light-receiving 
element A4 for the A phase 32 is arranged with the distance 
P from the third element A3. In the same manner, a first 

10 light-receiving element /Al for the /A phase 33 is arranged 
at a position with the, center distance of 3P/2 from the 
light-receiving element A4, and a second light-receiving 
element /A2 for the /A phase is arranged with the distance 
P from the element /Al . Successively, a first light- 

15 receiving element /Bl for the /B phase 35 is arranged at a 
position with the center distance of 5P/4 from the element 
/A2, and the subsequent light-receiving elements /B2, /B3 
and /B4 for the /B phase 35 are successively arranged at 
every distance P. Further, .a third light-receiving element 

20 /A3 for the /A phase 33 is arranged at a position with the 
center distance of 7P/4 from the element /B4, and a fourth 
light-receiving element /A4 for the /A phase 33 is arranged 
with distance P from the element /A3 . 

Also, in this configuration, similarly to the 

25 embodiment 1, a set of four light receiving elements are 
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positioned to have the same phase to form one light- 
receiving element group in which at least two light 
receiving elements are adjacently arranged. 

In this configuration shown in Fig. 3, the A phase 
group of the elements Al to A4 and the B phase group of the 
elements Bl to B4 share the same area center of gravity 38 
in common on the phase axis, and also the /A phase group of 
the elements /Al to /A4 and the /B phase group of the 
elements /Bl to /B4 share the same area center of gravity 
39 in common on the phase axis. Thus, the phase distance 
from' the center axis line 101 of the irradiation pattern to 
the common area center of gravity 38 of the A phase and B 
phase groups on the phase axis is made approximately equal 
to the phase distance to the common area center of gravity 
39 of the /A phase and /B phase groups. 

• By using these 16 light-receiving elements, the four 
phase signals of the A phase 32, /A phase 33, B phase 34 
and /B phase 35 are detected with a predetermined phase 
difference of 90-digrees between the respective adjacent 
two phases, and a differential amplification is carried out 
between the complementary A phase 32 and the /A phase 33 as 
well as between the complementary B phase 34 and the /B 
phase 35. A common dummy layer 36 serving as a cross-talk 
preventive shielding layer is arranged in gap spaces 
between the respective adjacent light-receiving elements so 



that light components incident to the dummy layer 36 are 
detected as a dummy signal (D) 37. Thus, the shielding 
block is provide in the gap spaces between the respective 
light-receiving elements, and the light components of the 
incident light once applied to the spaces in the light- 
receiving elements can be extracted as the dummy signal 37. 

In this configuration, since the dummy layer 36 is 
installed, it is possible to prevent the light components 
applied to the spaces from running around the respective 
light-receiving elements and to suppress the cross-talk 
between the respective adjacent phase signal components. 
Moreover, the wirings for the respective A phase 32, B 
phase 34, /A phase 33 and /B phase 35 and the wiring for 
the dummy signal 37 have no overlapping portion so that the 
respective signal components can be correctly detected in a 
separate manner. 

Moreover, the phase distance from the center axis line 
101 of the irradiation pattern to the common area .center of 
gravity 38 of the A phase 32 and B phase 34 on the phase 
axis is made approximately equal to the phase distance to 
the common area center of gravity 39 of the /A phase 33 and 
/B phase 35. Therefore, it is possible to carry out a 
stable differential amplifying process- without having any 
influence from external disturbance such as variations in 
emission angle of the light source. 
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In this manner, as shown in Fig. 3, with respect to 
the light-receiving element groups of A phase 32 and /A 
phase 33 as well as B phase 34 and /B phase 35, the present 
embodiment 2 makes it possible to reduce the phase error 
5 due to an error in emission angle shown in Fig. 5 after the 
differential process is carried out. 
(Embodiment 3) 

Referring to Fig. 4, the following describes a 
photoelectric encoder in accordance with the embodiment 3 
10 of the present invention. Fig. 4 is an enlarged view that 
shows a light-receiving element array in which respective 
light-receiving elements are arranged on phase basis. 

As shown in Fig. 4, in the light-receiving element 
array 306, regarding a layout of positioning of the 
15 respective light-receiving elements, a light-receiving 
. element Al for the A phase 42 is first provided, and a 
second light-receiving element A2 for the A phase 42 is 
arranged at a position with a center distance of the pitch 
P. Next, a first light-receiving element Bl for the B 
20 phase 44 is arranged at a position with a center distance 
of 5P/4 from the element A2, and subsequently a second 
light-receiving element B2 for the B phase is arranged with 
a distance of P from the element Bl . 

Next, a first light-receiving element /Al for the /A 
25 phase 43 is arranged at a position with a center distance 
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of 5P/4 from the element B2, and subsequently a second 
light-receiving element /A2 for the /A phase 43 is arranged 
with a distance P from the element /Al . Similarly, a first 
light-receiving element /Bl for the /B phase is arranged at 
5 a position with a center distance of 5P/4 from the element 
/A2, and a second light-receiving element /B2 for the /B 
phase is arranged with a distance P from the element /Bl . 

In the same manner, a third light-receiving element A3 
for the A phase 42 is arranged at a position with a center 

10 distance of 5P/4 from the element /B2, and subsequently a 
fourth light-receiving element A4 is arranged with a 
distance P from the element A3. Next, a third light- 
receiving element B3 for the B phase- 44 is arranged at a 
position with a center distance of 5P/4 from the light- 

15 receiving element A4, and a fourth light-receiving element 
B4 for the B phase 44 is arranged with a distance P from 
the element B3. 

Successively, a third light-receiving element /A3 for 
/A phase is arranged at a position with a center distance 

20 of 5P/4 from the element B4, and a fourth light-receiving 
element /A4 for the /A phase 43 is successively arranged 
with a distance P from the element /A3 . Next, a third 
light-receiving element /B3 for the /B phase 45 is arranged 
at a position with a center distance of 5P/4 from the 

25 element /A4, and a fourth light-receiving element /B4 for 
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the /B phase 45 is arranged with a distance P from the 
element /B3. In this manner, in the above-mentioned 
configuration, the center distance between the light- 
receiving elements located at the respective ends of 
adjacent light-emitting element groups, for example, 
typically indicated by the light-receiving elements A2 and 
Bl, is set to 5P/4. 

Also, in this configuration, similarly to the 
embodiments 1' and 2, a set of four light receiving elements 
are positioned to have the same phase to form one light- 
receiving element group in which at least two light 
receiving elements are adjacently arranged. 

By using the 16 light-receiving elements, the four 
different phase signals of the A phase 42, B phase 44, /A 
phase 43 and /B phase 45 are detected with a predetermined 
phase difference of 90 degrees, and a differential 
amplifying process is carried out between the respective 
complementary phase signals. A common dummy layer 46 
serving as a cross-talk preventive shielding layer is 
provided in gap spaces between the respective adjacent 
light-receiving elements so that the light components 
incident to the dummy layer 4 6 are detected as a dummy 
signal (not shown in Fig. 4 but see Figs. 2 and 3). Thus, 
the shielding block is provide in the gap spaces between 
the respective light-receiving elements, and the light 
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components of the incident light applied to the spaces can 
be extracted as the dummy signal. Thus, in comparison with 
a case in which the light-receiving elements are arranged 
one by one at every distance of 5P/4, it becomes possible 
5 to reduce the area of the entire light-receiving element 
array, while properly maintaining the layout of the 
parallel arrangement provided with the dummy layer. 

It is noted that, in the embodiments 1 to 3, although 
a set of four light receiving elements having the same 

10 phase is used to constitute one light-receiving element 
group, and at least two light receiving elements are 
adjacently arranged in each of the element groups, the 
present invention is not limited to this arrangement, and 
the number of the light-receiving elements included in each 

15 element group may be increased or decreased depending on 
the pitch of the ' scale and on an irradiation area of the 
light source. 

Moreover, although the width of each of the light- 
receiving elements for constituting the element group is 
20 made equal to P/2, this width may be increased or decreased. 

Moreover, as described in the embodiments 1 to 3, it 
is preferable that the phase differences of the respective 
light-receiving element groups are set to 0 degree, 90 
degrees, 180 degrees and 270 degrees at every 90-degree 
25 intervals in view of obtaining two phase signals with a 



phase difference of 90 degrees by differential 
amplification of the complementary signals with a phase 
difference of 180 degrees. However, the present invention 
is not limited to this relationship, and the phase 
differences of the respective light-receiving element 
groups may be set to a value other than 90-degree intervals. 
For example, eight light-receiving element groups may be 
formed at every 45-degree intervals in view of obtaining 
four phase signals with a phase difference of 45 degrees by 
differential amplification of the complementary signals 
with a phase difference of 180 degrees, so that the 
accuracy in phase detection can be improved although the 
number of the signals is increased. 

Moreover, the phase differences of the respective 
light-receiving element groups may be non-uniform. For 
example, the phase differences of the respective light- 
receiving element groups may be set to 90 degrees and 270 
degrees. In this arrangement, the phases of the light- 
receiving element groups may be only two values of 0 degree 
and 90 degrees in view of obtaining two phase signals with 
a phase difference of 90 degrees without carrying out a 
differential amplification although such an arrangement 
easily has an influence from variations in emission-angle 
and light intensity of the light source. 

Moreover, although four light-receiving element groups 
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having predetermined phase differences are formed in the 
present invention, other number such as two, three or eight 
groups may be formed to have predetermined phase 
differences . 

5 Moreover, although it is preferable that the area 

centers of gravity (28,29) on the phase axis of a pair of 
the light-receiving element groups having a predetermined 
relationship in phase difference are made, completely 
coincident with each other, there may be obtained an effect 
10 of stabilizing the phase differences of the plurality of 
the light-receiving element groups even in the case where 
the area centers of gravity thereof are generally 
coincident . 

Moreover, as described in the embodiment, it is 
15 preferable that the area centers of gravity on the phase 
axis of a pair of the light-receiving element groups having 
a predetermined relationship in phase difference are 
arranged in a completely symmetrical manner in position 
with respect to a center axis of the emission light 
20 • distribution pattern. However, there may be obtained an 
effect of stabilizing the phase differences of the 
plurality of the light-receiving element groups even in the 
case where the area centers of gravity thereof are 
generally symmetrically in position with respect to the 
25 center axis. 
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Moreover, Fig. 6 illustrates an example of one light- 
receiving element group. As shown in Fig. 6, the light- 
receiving element group may be formed of a light-receiving 
element 61 in combination with a light-shielding plate 63. 
5 The light-receiving element 61 has a width equal to or 
larger than a pitch P, and the light-shielding plate 63 has 
a plurality of light-receiving windows 62 each having a 
width of P/2. The plurality of light-receiving windows 62 
are arranged at every intervals of a pitch P, in other 
10 words, arranged with the same phase. In this arrangement, 
however, the width of the light-receiving window is not 
limited to P/2, and the width may be increased or decreased 
than P/2. 

Moreover, although the rotary scale having a pitch P 
15 with a duty ratio of 50% is used, there may be used other 
types of scales, so long as a scale is periodically shifted 
with a pitch P, for example, a scale which is shifted in a 
sine-wave manner or triangular-wave manner with a pitch P. 

Moreover, a light-shielding member, made of, for 
20 example, a vapor-deposition film, may be arranged between 
the respective adjacent light-receiving elements so as to 
reduce the cross-talk. Moreover, a light-signal blocking 
means formed by, for example, etching, may be arranged 
between the respective light-receiving elements so as to 
25 reduce the cross-talk. 
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Moreover, it is noted that, in the above-mentioned 
embodiments, although a rotary encoder is exemplified as a 
photoelectric encoder, the present invention is not limited 
to this, and a linear encoder may be used in the same 
5 manner. 

As described above, the present invention makes it 
possible to ensure a space for providing a cross-talk 
preventive member between the respective light-receiving 
elements even with a comparatively narrow pitch. Thus, it 

10 is possible to prevent the light components of the incident 
light applied to the spaces from running- around the light- 
receiving elements and to reduce the cross-talk. 

Moreover, it is possible to eliminate overlapping of 
wirings for the plural phase signals and dummy signal, and 

15 consequently. to easily manufacture a light-receiving 
element array. 

Furthermore, the area centers of gravity of the 
respective light-receiving element groups between the A 
phase .and the /A phase as well as between the B phase and 

20 the /B phase or between the A phase and the B phase as well 
as between the /A phase and the /B phase are made 
coincident with each other, and the positions of the 
respective common area centers of gravity are arranged 
symmetrically with respect to the center axis line 101 of 

25 the irradiation pattern. Thus, it becomes possible to 
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stabilize the phase difference of the respective plural 
phase signals without having any influence from variations 
in emission angle of the light source. 

Although the present invention has been described in 
connection with the preferred embodiments thereof with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications will be apparent to 
those skilled in the art. Such changes and modifications 
are to be understood as included within the scope of the 
present invention as defined by the appended claims, unless 
they depart therefrom. 



